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(57) Abstract 

A dual-mode transmitter hav- 
ing an antenna (109), a mode con- 
troller (103), a source encoder, a tun- 
able-frequency synthesizer (105), a 
chip-code generator (107), a spread- 
spectrum modulator (111), a narrow- 
band modulator (1 13), a power ampli- 
fier (115), and an adjustable band- 
pass filter (117). Also provided is a 
dual-mode receiver having a mode 
controller (103), a tunable-frequency 
synthesizer (105), a chip-code genera- 
tor (107), an antenna (109), an adjus- 
table bandpass filter (117), a pream- 
plifier (205), a frequency converter 
(209), an IF amplifier (21 1), a spread- 
spectrum despreader (215), a spread- 
spectrum demodulator (217), a nar- 
rowband modulator (213), and a 
source decoder. For the transmitter 

and receiver, the mode controller (103) selects receiving a narrowband modulation or a spread- spectrum modulation. The tun- 
able-frequency synthesizer (105) generates a local oscillator signal for the receiver, and a carrier signal for the transmitter. The 
chip-code generator (107) generates a chip code signal for both the transmitter and the receiver. With a narrowband modulation 
setting of the mode controller (103), the transmitter and receiver have the adjustable bandpass filters (117) adjusted to a narrow- 
band width for telephone communications. With a spread-spectrum settinjg of the mode controller, the adjustable bandpass filters 
(117) and the system are adjusted to transmit and receive a wide bandwidth for passing the spread -spectrum signal. 
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Dual Mode Transmitter And Receiver 

Background of the invention 

This invention relates to a dual mode cordless 
telephone, where the first mode operates in a frequency 
division multiplexed narrowband or spread spectrum 
5 cellular operation, and the second mode operates in a 
freqfuency division multiplexed narrowband or spread 
spectrum microcellular operation. 

Description of the Related Art 

Cellular telephony has been well known for many 

10 years, but with its growing popularity, more channels in 
the allocated cellular frequencies have become necessary. 
Among the proposed advances in the art have been a move 
from analog voice, frequency division multiplexed systems 
to digital voice using traditional narrowband frequency 

15 division multiplexed techniques coupled with time division 
multiplexing. Further proposed advances include the 
addition of code division multiplexing, or spread 
spectrum , systems . 

An alternate approach to the problem of allowing 

20 increased numbers of users in a geographic location is the 
concept of personal communications systems, or PCN«s which 
utilize microcells. A micrpcell is similar to a cell in 
a traditional cellular system, except much smaller. Where 
a traditional cell may cover an area of several square 

25 miles, a microcell may only be a few hundred feet in 
diameter. By limiting transmit power, more microcells, 
and thus more users, may be co-located in a geographic 
area . 

Prior art does not teach a method for operation of a 
3 0 single telephone which has the ability to function both as 
a narrowband frequency, time, and/or code division 
multiplexed cellular phone, as well as a microcellular 
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telephone utilizing time, frequency, or code division 
multiplexing, where the cellular and microcellular 
functions either share the same frequency bands of 
operation or are offset from each other, and where the 
5 microcellular mode may employ a paging unit independent of 
the unit's telephone functionality. 

For purposes of this text, "analog voice" is 
described as a system where an analog .voice system 
directly modulates a radio frequency (RF) carrier or 

10 intermediate frequency (IF) signal, and digital voice is 
described as a system where the signal is first digitized, 
and possibly compressed through any number of methods 
common and well known in the art, and whose digital signal 
is then used for RF carrier or IF modulation. A narrow 

15 band modulation typically uses amplitude modulation (AM) 
or frequency modulation (FM) , and has a bandwidth between 
3 kHz and 30 kHz. A spread spectrum signal has a 
bandwidth several times that of the information signal. 

Objects of the Invention 

20 An object of the invention is to provide an analog 

voice narrowband frequency division multiplexed cellular 
telephone which may have capabilities for digital voice as 
well as frequency and time division multiplexing, and 
which also may posses spread spectrum microcellular 

25 functionality, where the microcellular spread spectrum 
mode may employ time or frequency division multiple access 
or both, where the cellular and microcellular modes occupy 
common or distinct, offset frequency bands, and where the 
microcellular mode may employ a paging unit independent of 

30 the unit's telephone functionality. 

Summary of the Invention 

According to the present invention, as embodied and 
broadly described herein, a dual -mode transmitter is 
provided comprising an antenna, a mode controller, a mode 
35 select switch, information processing means, a 
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tunable-frequency synthesizer, a chip-code generator, a 
spread-spectrum modulator, a narrowband modulator, a 
dual-band power amplifier where the dual modes occupy 
distinct frequency bands, or a single band power amplifier 
5 where the dual modes occupy single, contiguous, or closely 
placed distinct bands, and an adjustable bandpass filter. 
Narrowband or spread-spectrum modulation is selected using 
the mode controller. The information processing means 
processes an information signal for the spread-spectrum 

10 modulator or the narrowband modulator. The 
tunable-frequency synthesizer and the chip-code generator 
generate a carrier signal and a chip-code signal, 
respectively. The spread-spectrum modulator modulates the 
carrier signal with the processed-inf ormation signal and 

15 the chip-code signal as a spread-spectrum signal, when the 
mode controller is set to spread-spectrum modulation,. The 
narrowband modulator modulates the carrier with the 
processed information signal when the mode controller is 
set to narrowband modulation. With a narrowband modulation 

20 setting of the mode controller, the power amplifier may 
have a narrow bandwidth for amplifying the narrowband 
modulated signal. With a spread-spectrum setting of the 
mode controller, the power amplifier may have a wide 
bandwidth for amplifying the spread-spectrum signal. 

25 Similarly, with a narrowband modulation setting of the 
mode controller, the adjustable bandpass filter has a 
bandwidth adjusted to a narrow bandwidth for passing the 
narrowband modulated signal. With a spread-spectrum 
setting of the mode controller, the adjustable bandpass 

30 filter has a bandwidth adjusted to a wide bandwidth for 
passing the spread-spectrum signal. The adjustable 
bandpass filter may also be tuned, and the power amplifier 
switched, where distinct, offset frequencies are employed 
for the two operating modes. 

3 5 The present invention also includes a dual-mode 

receiver. The dual-mode receiver includes a mode 
controller, a mode select switch, a tunable-frequency 
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synthesizer, a chip-code generator, an antenna, a tunable 
bandpass filter , a prieaiciplif ier, a frequency converter, an 
IF amplifier, a spread-spectrum despreader, a 
spread-spectrum demodulator, a narrowband demodulator, and 
5 information processing means • As with the dual-mode 
transmitter, the mode controller is used to select 
reception of a narrowband or spread- spectrum signal* The 
tunable-frequency synthesizer generates a local oscillator 
signall The chip-code generator provides a reference 

10 chip-code signal for comparison with the received spread 
spectrum signal. With a narrowband modulation setting of 
the mode controller, the adjustable bandpass filter may be 
adjusted to a narrow bandwidth for passing the narrowband 
modulated signal. With a spread- spectrum setting of the 

15 mode controller, the adjustable bandpass filter may be 
adjusted to a wide bandwidth for passing the 
spread-spectrum signal. The bandpass filter also is 
tunable, where different frequencies are utilized for 
distinct modes. 

20 The preamplifier amplifies the filtered narrowband 

modulated signal when the mode controller is set to the 
narrowband modulation setting. The preamplifier amplifies 
the filtered spread-spectrum signal when the mode 
controller is set to the spread-spectrum modulation 

25 setting. The preamplifier may also be switch selected or 
tuned to the appropriate band where the dual modes employ 
distinct, separated frequency bands. The frequency 
converter converts, using the local oscillator signal 
provided by the synthesizer, the filtered narrowband 

30 modulated signal or the filtered spread-spectrum signal to 
an IF signal. The spread- spectrum despreader despreads, 
using the chip-code reference signal, the IF signal as a 
processed signal. The spread-spectrum demodulator 

demodulates the processed signal as a demodulated signal. 

35 The narrowband demodulator demodulates the filtered 

narrowband modulated signal as a demodulated or processed 
signal. The information means processes the demodulated 
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signal from either the spread-spectruin demodulator or the 
narrowband demodulator as an information signal, as 
necessary* 

Additional, objects and advantages of the invention 
5 will be set forth in part in the description which 
follows, and in part will be obvious from the description, 
or may be learned by practice of the invention. The 
objects and advantages of the invention . also may be 
realized and attained by means of the instrumentalities 
10 and combinations particularly pointed out in the appended 
claims. 

Brief Description of. the Drawings 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate 
15 preferred embodiments of the invention, and together with 
the description serve to explain the principles of the 
invention. 

FIG. 1 shows a dual-mode transmitter block diagram 
according, to the present invention; and 
20 FIG. 2 shows a dual-mode receiver block diagram 

according to the present invention. 

Detailed Descri ption of the Preferred Embodiments 
Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 

25 are illustrated in the accompanying drawings, wherein like 
reference numerals indicate like elements throughout the 
several views. 

Modern and proposed cellular telephone systems 
currently utilize high power, frequency, time, and/or code 

30 division multiplexed narrowband radio frequency communi- 
cation techniques in conjunction with large cells to 
establish and maintain telephone communications. With the 
growing popularity of these systems, increased user 
capacity is required within a geographical area. One 

35 approach to providing increased capacity is microcells, 
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Which utilize comparatively much smaller cells, and low 
power radio frequency techniques. 

Traditional cellular systems have proven to be highly 
capital intensive in base station installations, on the 
5 order of several hundred thousand dollars per cell site, 
and therefore demand high operational and access fees. 
Proposed microcell systems would require a much lower 
capital investment per cell at a small , fraction of 
cellular site installation, such that shop owners and 

10 other small operators could have a cell site easily 
installed on their premises. Microcells potentially may 
be located in public access areas, airports, restaurants, 
shopping malls, banks, service stations, etc., as well as 
commercial or office facilities, utilizing wireless PBX, 

15 centrex, or key systems, and residential sites. A 
microcell user, thus, could utilize his handset at home, 
in the office, or at most other public places where he 
typically would need access to telephone communications, 
in a cost effective way, and maintain a single telephone 

20 number. Public operational and access charges to the user 
could then be much lower, likely on the order of payphone 
charges per call, not per minute. 

A disadvantage of microcellular systems is their 
potential lack of incoming call accessibility. 

25 Potentially, one cannot place a call into the system to 
the remote user. Studies have been performed, however, 
that estimate that up to 80% of all calls made in 
traditional cellular systems are from the user outbound 
from the microcell user, and not inbound to the user. Even 

30 with no inbound access to the wireless microcell user, a 
potentially large market exists which has little need for 
incoming access, where users would be willing to surrender 
incoming call access for the savings of a microcellular 
pager in the microcell handheld unit, which can provide 

35 for a level of incoming access to the user in the public 
environment . 
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Another disadvantage is practical handoff 
capabilities from cell to cell. Since the cells in a 
microcell system are small, the system becomes impractical 
to use from a moving vehicle since the user potentially 
5. could be passing through cells every few seconds, which 
make handoff s impractical. Microcellular systems may be 
designed such that there is no handoff capability between 
cells, which would provide for a wireless payphone type of 
system. Since microcells are so small, system use in 

10 remote areas would be impractical due to the number of 
cell installations necessary to provide complete coverage. 

The present invention provides a dual-mode trans- 
mitter and receiver which provides for utilization of the 
advantages of both systems, i.e. the range and mobility of 

15 traditional cellular, and the low cost of microcellular. 
The dual-mode transmitter and receiver include a dual mode 
cordless telephone which has. as its first mode operational 
capabilities which allow cellular functionality, and a 
second mode which allows for microcellular operation. 

20 Functionality . in the first, or cellular, mode includes a 
relatively high power cellular telephone employing analog 
or digital voice techniques in conjunction with frequency, 
and/or time division traditional narrowband radio 
technicfues . 

25 Functionality in the second, or microcellular, mode 

includes a low power microcellular telephone using digital 
voice techniques in conjunction with frequency, time 
and/or code division spread spectrum radio techniques, 
where the cellular and microcellular functions either 

30 share the same frequency bands, or are offset from each 
other. 

In the exemplary arrangement shown in FIG. I, a 
dual-mode transmitter of the present invention is . shown 
comprising an antenna 109, a mode controller 103, a mode 
35 select switch 104, transmitter-information processing 
means 101, a tunable-frequency synthesizer 105, a 
chip-code generator 107, a spread-spectrum modulator 111, 
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a narrowband modulator 113, a power amplifier 115, and an 
adjustable bandpass filter 117. The transmitter- 
information means may be embodied as an information device 
101. The information device may include source encoders 
5 such as Golay encoders, error correction coding, 
analog-to-digital converters, etc. 

The spread-spectrum modulator 111 is coupled to the 
information device 101 through mode select switch 104, the 
tunable-frequency synthesizer 105 and the chip-code 

10 generator 107. The narrowband modulator 113 is coupled to 
the information device 101 through mode select switch 104, 
and the tunable- frequency synthesizer 105. The power 
amplifier 115 is coupled to the mode controller 103, the 
spread-spectrum modulator 111 and the narrowband modulator 

15 113. The adjustable, tunable, bandpass filter 117 is 
coupled to the antenna 109, the power amplifier 115 and 
the mode controller 103. 

Narrowband or spread-spectrum modulation is selected 
using the mode controller 103. The information device 101 

20 processes the input information signal, while the 
tunable-frequency synthesizer 105 generates a carrier 
signal, and the chip-code generator 107 generates a 

chip-code signal. 

The mode controller 103 controls a mode select switch 

25 104 which directs the processed information signal to the 
narrowband modulator 113 or the spread-spectrum modulator 
111. The spread-spectrum modulator 111 modulates the 
carrier with the processed information signal and the 
chip-code signal as a spread-spectrum signal, when the 

30 mode select switch 104 has been selected for 
spread-spectrum modulation. The narrowband modulator 113 
modulates the carrier with the processed information 
signal as a narrowband modulated signal, when the mode 
select switch 104 is selected for narrowband modulation. 

35 When the mode controller 103 is set to narrowband 

modulation, the power amplifier 115 amplifies the 
narrowband modulated signal. Where the dual modes 
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function in distinct frequency bands, the power amplifier 
115 may either be wideband enough to function in both 
bands, or may be adjustable to function in the. band 
pertaining to the mode in operation, with mode controller 
5 103 controlling its operation accordingly. when the mode 
controller 103 is set to spread-spectrum modulation, the 
power amplifier 115 amplifies the spread- spectrum signal, 
similarly, with a narrowband modulation setting of the 
mode controller 103, the adjustable bandpass filter 117 

10 has a bandwidth adjusted to a narrow bandwidth and 
corresponding frequency for passing the narrowband 
modulated signal. With a spread-spectrum setting of the 
mode controller 103, the adjustable bandpass filter 117 
has a bandwidth adjusted to a wide bandwidth and 

15 corresponding frequency for passing the spread-spectrum 
signal. 

The present invention, as illustrated in FIG. 2, also 
includes a dual-mode receiver. The dual-mode receiver 
includes a mode controller 103, a tunable- frequency 
20 synthesizer 105, a chip-code generator 107, an antenna 
109, an adjustable bandpass filter 117, a preamplifier 
205, a frequency converter 2 09, an IF amplifier 211, 
mode select switch 104, a spread-spectrum despreader 215, 
a spread-spectrum demodulator 217, a narrowband 
25 demodulator 213, and receiver-information processing 
means. The receiver-information means is embodied as a 
receiver-information processing device 219. The 
adjustable bandpass filter 117, is coupled to the antenna 
201 and to the mode controller 103. The preamplifier 205 
30 is coupled to the adjustable bandpass filter 117 and to 
the mode controller 103. The frequency converter 209 is 
coupled to the preamplifier 205 and the tunable- frequency 
synthesizer 105. The IF amplifier 211 is coupled to the 
frequency converter 209. The spread-spectrum despreader 
35 215 is coupled to the chip-code generator 107 and through 
the mode select switch 104 to the IF amplifier 211. The 
spread-spectrum demodulator 217 is coupled to the 
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spread-spectrum despreader 2X5. The narrowband 

demodulator 213 is coupled through the mode I controller 
i03 to the IF amplifier 211. 

As with the dual-mode transmitter, the mode 
5 controller 103 is used to select reception of narrowband 
or spread-spectrum modulation. The tunable- frequency 
synthesizer 105 generates a local oscillator signal, and 
the chip-code generator 107 generates .a reference 
chip-code signal for comparison with the received chip 

10 code signal. 

When the mode controller 103 is set to narrowband 
modulation, the adjustable bandpass filter 117 is adjusted 
to a narrow bandwidth and corresponding frequency for 
passing the narrowband modulated signal. With a 

15 spread-spectrum setting of the mode controller 103, the 
adjustable bandpass filter 117 is adjusted to a wide 
bandwidth and corresponding frequency for passing the 
spread-spectrum signal. The preamplifier 205 amplifies 
the filtered narrowband modulated signal when the mode 

20 controller 103 is set to the narrowband modulation 
setting, and amplifies the filtered spread-spectrum signal 
when the mode controller is set to the spread-spectrum 
modulation setting and is switch selectable to the 
appropriate band for each mode where the dual modes occupy 

25 non-contiguous or widely separated frequency bands. The 
frequency converter 209 converts using the local 
oscillator signal, the filtered narrowband modulated 
signal and the filtered spread-spectrum signal to an IF 
signal - 

30 FIGS. 1 and 2 illustrate the implementation of a dual 

mode transmitter .and receiver, respectively, for use in 
any conventional narrowband application with capability to 
switch to a separate frequency band while employing spread 
spectrum modulation/demodulation in the alternate 

35 operating band. 

operation of the dual-band transmitter is as follows, 
using transmitter-information processing device 101, input 
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information may be filtered, analog-to-digital (A/D) 
converted if required, as determined by the mode switch 
control, and applied to either a narrowband or spread 
spectrum modulation process. Narrowband modulation is 
5 employed in conventional communication and the spread 
spectrum modulation employed in a spread-spectrum mode. In 
either mode, the modulated carrier is applied to the dual 
band RF power amplifier 115. 

The tunable frequency synthesizer 105, which provides 
10 the proper carrier for either conventional narrowband or 
spread spectrum mode, is controlled by the mode switch 
controller 103, outputting only one of possibly many 
required transmit carrier frequencies for modulation at 
any one time. 

15 After amplification, the proper modulated carrier 

signal, either conventional narrowband or spread spectrum, 
is applied to an adjustable, tunable bandpass filter 117 
and then to the antenna 109* -The pass band and frequency 
of the adjustable bandpass filter 117 is selected by the 

20 mode controller 103. This is necessary to meet 

transmission spurious, signal level control standards. 

A single, dual band antenna 109 then acts as a 
transducer to convert the electrical RF signal from the 
power amplifier 115 and adjustable bandpass filter 117 to 

25 an electromagnetic signal for propagation to the receiver. 

The mode controller 103 also controls the operation 
of a reference code generated by chip-code generator 107 . 
The reference code is used as a spectrum-spreading 
function in the spread spectrum mode. The chip-code 

30 generator 107 would not operate in the conventional 
narrowband mode. 

This transmitter configuration is applicable to any 
desired dual mode system in which one mode is used in a 
conventional narrowband system, such as cellular 

35 telephones, while a second mode is employed for 
communicating with a spread spectrum system. 
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Receiver operation is as follows. A received signal 
is converted by the antenna 109 from an electromagnetic 
signal to an electrical signal. The antenna 109 may or 
nay not be common to the transmitter. The received signal 
5 is then applied to an adjustable bandpass filter 117, 
which may or may not be common to the transmitter, and 
which is controlled by the mode controller 103. The 
adjustable bandpass filter 203 selects, the proper 
conventional narrowband or spread spectrum operating 
10 signal and passes it through a preamplifier 205, whose 
output is applied to a frequency converter 209. 

The other input to the frequency converter 209 is a 
local oscillator signal generated by a tunable frequency 
synthesizer 105 whose frequency in turn is controlled by 
15 the mode controll.er 103. The input signal is converted to 
an intermediate frequency (IF) , which may be the same for 
either conventional narrowband or for spread spectrum 
signals. The receiver is assumed to be the 

superheterodyne type, and is illustrated as a single 
20 conversion receiver, but may also be implemented by a dual 
or multi-conversion superheterodyne receiver without a 
change in the overall system's operation. 

An output signal from the frequency synthesizer 105 
- is multiplied with the amplified input signal from the 
25 preamplifier 205 selected by the input filter, in 
frequency converter 209 to produce the intermediate 
frequency signal. A tuned, fixed-frequency IF amplifier 
211 amplifies the received signal and applies it to a mode 
select switch 104 whose output goes to either the 
30 conventional narrowband signal demodulator 213 or the 
spread-spectrum signal despreader 215. The despreader 215 
uses a reference code provided by the chip-code generator 
107 to facilitate proper spread spectrum signal selection 
and despreading. This reference code is controlled by the 
35 mode controller 103, and may be common to the transmitter 
shown in FIG. 1. 
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The spread-spectrum despreader 215 despreads, using 
the reference chip-code signal, the IF signal as :a 
digitally modulated signal. The spread-spectrum 

demodulator 217 demodulates the digitally modulated signal 
5 as a digitally demodulated signal. The narrowband 
demodulator 213 demodulates the filtered narrowband 
modulated signal as a demodulated signal. The 
receiver-information device 219 signal . processes the 
demodulated signal as an information signal. 

10 Spread spectrum signals, after being despread, are 

demodulated by a spread-spectrum demodulator 217, separate 
from the narrowband demodulator 213, This is necessary 
because of the difference in conventional signal informa- 
tion modulation of the carrier is typically analog FM, 

15 while spread spectrum signals may employ digital modula- 
tion, which may be digital-to-analog (D/A) converted prior 
to processing. If the narrowband technique used employs 
digital modulation, a second narrowband D/A demodulator, 
similar to the spread spectrum demodulator, may be 

20 employed, or the spread spectrum demodulator may be 
eliminated and D/A demodulation, which may be identical 
for both narrowband and spread spectrum modulation, may be 
included as a function of the received information 
processor. 

25 After despreading, spread-spectrum demodulator 217 

output signals are processed, using receiver-information 
device 219, by filtering, digital-to-analog conversion, 
and amplification, as necessary, to convert it to a form 
that is usable to the information output destination. 

30 Processing is selected by the mode switch control 103. 

As in the transmitter, more than two modes can be 
supported by this same receiver configuration. This 
includes operation at multiple frequencies, use of 
multiple codes, multiple modulation formats, or 

35 time-sequential selection of operating mode. 

The following illustrate application of the present 
invention, for particular modulation schemes. 
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first eiabodiment of the invention includes a 
telephone whose first mode comprises analog voice 
techniques and traditional cellular frequency division 
multiplexed operation employing, but not limited to, 
5 narrowband radio frequency modulation techniques, such as 
FM, and whose second mode comprises microcellular 
operation including, but not limited to, digital voice 
compendium and/or compression techniques .coupled with 
spread spectrum radio frequency modulation, and/ or time 
10 and/or frequency division multiplexing techniques, where 
the cellular and microcellular modes occupy common 
frequency bands. The microcellular mode also may include 
a paging function, which may utilize narrowband or spread 
spectrum technologies, and occupy frequency bands common 
15 to the cellular and microcellular modes, or may be offset 
from both or either, and may be independent of the units 
telephone functionality. 

A second embodiment of the invention includes a 
telephone whose first mode comprises cellular frequency 
20 division multiplexed operation employing, but not limited 
to, narrowband radio frequency modulation techniques, such 
as FM, coupled with digital voice commanding and/or 
compression and/or time division multiplexing techniques, 
and whose second mode comprises microcellular operation 
25 including, but not limited to, digital voice compendium 
and/or compression techniques coupled with spread spectrum 
radio frequency modulation, and/or time and/or frequency 
division multiplexing techniques, where the cellular and 
microcellular modes occupy common or distinct frequency 
30 bands. The microcellular mode may also include a paging 
function, which may utilize narrowband or spread spectrum 
technologies, and may occupy frequency bands common to the 
cellular and microcellular modes, or may be offset from 
both or either, and may be independent of the unit's 
35 telephone functionality. 

It will be apparent to those skilled in the art that 
various modifications can be made to the dual-mode 
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transmitter and receiver of the instant invention with out 
departing from the scope- or spirit of the invention, and 
it is intended that the present invention cover 
modifications and variations of the dual-mode transmitter 
and receiver provided they come within the scope of the 
appended claims and their equivalents. 
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Claims 

1. A dual-mode transmitter comprising: 
an antenna; 

a mode controller for selecting narrowband 
5 modulation and spread- spectrum modulation; 

information means for processing an information 

signal ; 

a tunable-frequency synthesizer for generating 

a carrier signal; 
10 a chip-code generator for generating a chip-code 

signal; 

a spread-spectrum modulator coupled to said 
information means, said tunable- frequency synthesizer and 
said chip-code generator for spread-spectrum modulating 

15 the processed information signal with the chip-code signal 
and the carrier signal as a spread- spectrum signal; 

a narrowband modulator coupled to said 
information means and said tunable- frequency synthesizer 
for modulating the processed information signal with 

20 narrowband modulation as a narrowband modulated signal; 

a power amplifier coupled to said mode 
controller, said spread-spectrum modulator and said 
narrowband modulator, responsive to a narrowband 
modulation setting of said mode controller for amplifying 

25 the narrowband modulated signal, and responsive to a 
spread-spectrum setting of said mode controller for 
amplifying the spread-spectrum signal; 

an adjustable bandpass filter coupled to said 
antenna, said power amplifier and said mode controller, 

30 responsive to a narrowband modulation setting of said mode 
controller for adjusting a bandwidth of said adjustable 
bandpass filter to a narrow bandwidth for passing the 
narrowband modulated signal, and responsive to a 
spread-spectrum setting of said mode controller for 

35 adjusting the bandwidth of said adjustable bandpass filter 
to a wide bandwidth for passing the spread-spectrum 
signal . 
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2* The dual-mode transmitter as set forth in claim 
1 wherein said mode controller includes a mode switch for 
selecting the narrowband modulation and the 
spread-spectrum modulation. 

5 3 . The dual-mode transmitter as set forth in claim 

1 wherein said narrowband modulator includes an FM 
modulator modulating the signal-processed information 
signal with FM modulation. 

4. The dual-mode transmitter as set forth in claim 
10 1 wherein said spread-spectrum modulator includes a time 

division multiplexed modulator. 

5. The dual-mode transmitter as set forth in claim 
1 wherein said narrowband modulator includes a / time 
division multiplexed modulator. 

15 6. A dual-mode receiver comprising: 

a mode controller for selecting a narrowband 

modulation and a spread-spectrum modulation; 

a tunable-frequency synthesizer for generating 

a local oscillator signal; 

20 a chip-code generator for generating a chip-code 

signal ; 

an antenna; 

an adjustable bandpass filter coupled to said 
antenna and said mode controller, responsive to a 

25 narrowband modulation setting of said mode controller for 
adjusting a bandwidth of said adjustable bandpass filter 
to a narrow bandwidth for passing the narrowband modulated 
signal, and responsive to a spread-spectrum setting of 
said mode controller for adjusting the bandwidth of .said 

30 adjustable bandpass filter to a wide bandwidth for passing 
the spread-spectrum signal; 

a preamplifier coupled to said adjustable 
bandpass filter and said mode controller, responsive to a 



wo 92/21195 



PCr/US9i/04044 

• 



18 



narrowband modulation setting of said mode controller for 
amplifying the filtered narrowband modulated signal, and 
responsive to a spread-spectrum setting of said mode 
controller for amplifying the filtered spread-spectrum 

* 

5 signal; 

a frequency converter coupled to saia 
preamplifier and said tunable- frequency synthesizer, for 
converting, using the local oscillator . signal, the 
filtered narrowband modulated signal and the fxltered 
10 spread-spectrum signal to an IF signal; 

an IF amplifier coupled to said frequency 
converter for amplifying the IF signal; 

a spread-spectrum despreader coupled to said 
chip-code generator and through said mode controller to 
15 said IF amplifier, responsive to said mode controller 
selecting the spread-spectrum modulation, for 
spread-spectrum despreading, using the chip-code signal, 
the IF signal as a modulated signal; 

a spread-spectrum demodulator coupled to said 
20 spread-spectrum despreader for demodulating the modulated 
signal as a demodulated signal; 

a narrowband modulator coupled to said chip-code 
generator and through said mode controller to said IF 
amplifier, responsive to said mode controller selecting 
25 the narrowband modulation for demodulating the fxltered 
narrowband modulated signal as a demodulated signal; and 
information means coupled to said narrowband 
demodulator and to said spread-spectrum demodulator for 
signal processing the demodulated signal as an information 
30 signal. 

7. The dual-mode receiver as set forth in claim 6 
wherein said spread-spectrum despreader includes a sur- 
face-acoustic-wave device for despreading the IF signal. 

8. The dual-mode receiver as set forth in claim 6 
35 wherein said spread- spectrum demodulator includes an 
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envelope detector for demodulating the modulated signal as 
a demodulated . signal . 
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